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THE SPATIAL DISTRIBUTION OF BEHAVIOR UNDER
VARYING FREQUENCIES OF TEMPORALLY

SCHEDULED WATER DELIVERY

EMILIO RIBES-IÑESTA AND CARLOS TORRES

UNIVERSITY OF GUADALAJARA

Two studies evaluated the effects of response-independent water deliveries on the location (on the
floor of the experimental chamber) and position (height) of rats’ behavior. In both experiments,
fixed-time schedules delivered water in two dispensers that were located at opposite ends of the
chamber. In Experiment 1, the two schedules provided complementary frequencies of water deliv-
eries while the overall number of deliveries stayed constant. In Experiment 2, one of the schedules
delivered water twice as frequently as the other; this proportion was kept constant while the overall
density of water deliveries changed systematically. In both experiments, a single position (height) of
behavior was dominant. Also, the percentage of time allocated to each dispenser was roughly pro-
portional to the percentage of water deliveries associated with the dispensers. These data and ad-
ditional considerations support the importance of examining the spatial properties and patterning
of behavior.
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distribution, rats

Classical and instrumental (or operant)
conditioning procedures have traditionally
stressed temporal parameters of stimuli and
behavior. In classical conditioning, the organ-
ism is usually restrained in such a way that
spatial parameters of behavior are unimpor-
tant; the behavioral measures typically used
have been response latency, amplitude, and
magnitude (e.g., Beecroft, 1966). In instru-
mental or operant conditioning procedures,
even though the organism is free to move
through the experimental environment, the
spatial parameters of behavior have also been
usually neglected. In instrumental condition-
ing with runways and mazes, behavior has
been mainly analyzed in terms of latency,
speed, and choice accuracy (Logan, 1960). In
the free-operant situation and in multiple-re-
sponse devices, similar measures have been
used: latency, distributions of interresponse
times, response frequency and rate, response
proportion, time allocation, and absolute or
relative duration of responding (Dunham,
1971; Ferster & Skinner, 1957; Kusmierek &
Kowalska, 1998; Shimp, 1969). Studies by Cot-
ton (1953) measuring nonrunning behavior
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in the runway, Kupalov (1969) and F. J. Silva,
Silva, and Pear (1992) examining the geo-
graphical distribution of responses, and Not-
terman and Mintz (1965) studying the dy-
namic properties of bar pressing exemplify
less frequently studied properties of behavior.

Baum and Rachlin (1969), Pear and Rector
(1979), and Pear (1985) examined the rela-
tion between various time-allocation mea-
sures of behavior and different reinforce-
ment schedules. With pigeons, Baum and
Rachlin found that the time allocated to two
distinct areas of an experimental chamber
varied as a function of the ratio of the rein-
forcement rates provided for standing in
these areas by concurrent variable-interval
(VI) VI schedules. Pear and Rector similarly
found that response propensity, defined as
the time spent on a platform in front of the
response key, varied consistently with rein-
forcement frequency, whereas the speed of
pecking (measured as the number of key
pecks per unit of time spent on the platform)
did not. Pear observed the effects of two dif-
ferent VI schedules (VI 15 s and VI 5 min)
and extinction of key pecking on the location
of the bird in the experimental chamber, and
found that the variability and spatial exten-
sion of patterns of location increased when
frequency of reinforcement decreased.

The studies described above were designed
to explore molar measures of behavior that
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could covary with the reinforcement frequen-
cy provided by schedules usually requiring
discrete responses, such as key pecking and
lever pressing. The variations found in time
allocation, behavior location, and propensity
were interpreted on a par with the effects
found using traditional, punctate responses
maintained under different ratios of rein-
forcement frequency. The spatial and time-
allocation measures employed were not ex-
plicitly considered as samples of a continuous,
spatial dimension of behavior that directly
participated in the modulation of reinforce-
ment effects.

Schoenfeld and Farmer (1970), however,
called attention to the continuous properties
of behavior in time and space. The responses
in operant reinforcement schedules are only
time samples of behavior in a predetermined
fixed location (the operandum) within a flow
of continuous changes in location, position,
and energy expenditure. The operant as a
class of molecular, punctate events divides the
behavior stream into two complementary dis-
crete segments: responses (R) and nonre-
sponses (NR), the latter sometimes called
‘‘pauses’’ or ‘‘interresponse times.’’ The size
of NR, conceived as the time elapsed without
the emission of any R, depends on the rate
or density of occurrence of R. Conversely, the
rate and density of R are dependent on the
duration defining a particular NR (as when
interresponse times are selected as the prop-
erty of behavior to be reinforced: Malott &
Cumming, 1964, 1966).

Schoenfeld and Farmer (1970) reported
three experiments showing that the probabil-
ity of reinforcement of NR was an important
variable that modulated the effects of the
probability of reinforcement for R. These re-
sults were interpreted as showing that NR
functioned as a context regulating the effects
of reinforcement on R, in the sense that the
frequency of R was determined not only by
the probability of reinforcement of R but also
by the probability of reinforcement of NR
and the resulting frequency of occurrence of
NR. By highlighting the importance of the
behavioral stream, these experiments suggest
that examining the spatial and dynamic prop-
erties of behavior could prove to be illumi-
nating. Schoenfeld and Farmer foresaw the
potential advantages of moving to an account
of reinforcement effects in terms of contin-

uous changes of behavior in three-dimension-
al space.

The studies by Schoenfeld and Farmer
(1970) called attention to the continuous be-
havior taking place in the operant chamber
and its influence over the operant response
(key pecking or lever pressing). Such consid-
erations suggest, at least, the need to explore
the possible dependence of the operant re-
sponse on the spatial and dynamic properties
of the continuous behavior taking place in
the same situation (Schoenfeld, 1976).

Several variables must be experimentally
isolated to establish how spatial dimensions of
behavior contribute to the effects of tradi-
tional reinforcement schedules defined in
terms of punctate responses. The explicit re-
inforcement of the spatial properties of be-
havior may be useful to disentangle the ef-
fects of variables like the reinforcer
contingency, the temporal availability of re-
inforcement, the number and quality of re-
inforcers being scheduled, the spatial avail-
ability of reinforcers and correlated stimuli,
and the patterning and dynamic properties of
the responses required to produce or contact
reinforcers.

Farmer and Schoenfeld (1966) used a
fixed-interval 1-min schedule and presented
a neutral stimulus (a change in key illumi-
nation) in different temporal positions within
the interval. These authors found that, de-
pending upon the temporal placement of the
neutral stimulus, response rates preceding,
during, and following it reflected the effects
of different stimulus functions such as sec-
ondary reinforcement, discriminative ‘‘cu-
ing,’’ extinction, and chaining. Farmer and
Schoenfeld called this procedure of inserting
a stimulus at different temporal positions
with respect to ongoing behavior the para-
digm of the ‘‘intruded’’ stimulus. This para-
digm may give us information about the spa-
tial segmentation of behavior and how it
relates to the traditional, discrete measures
typical of the free-operant preparation. Elab-
orating on the paradigm of the intruding
stimulus, a first step should consist of explor-
ing the effects of free stimuli on unrestricted
spatial properties of behavior.

We conducted two experiments to evaluate
the effects of time-correlated delivery of wa-
ter in two spatially opposed dispensers on the
continuous location and position of the rat’s
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Table 1

Fixed-time schedule durations for each dipper, number of sessions per phase, number of water
deliveries per session, and proportion of water deliveries associated with Dispenser 1 for each
phase of Experiment 1.

Phase Dispenser 1 Dispenser 2 Sessions

Number of
water deliveries

per session

Proportion of
water deliveries
in Dispenser 1

1
2
3
4
5

FT 30 s
FT 40 s
FT 60 s
FT 120 s
Extinction

Extinction
FT 120 s
FT 60 s
FT 40 s
FT 30 s

10
10
10
10
10

60/0
45/15
30/30
15/45
0/60

1.0
.75
.50
.25

0

behavior. Water was delivered independently
of the rat’s behavior to eliminate the explicit
spatial and temporal restrictions imposed by
contingencies that require a response in a
fixed place or location (usually the operan-
dum).

EXPERIMENT 1

The first experiment was designed to ex-
plore the effects of two concurrent, comple-
mentary fixed-time schedules of water deliv-
ery on the time allocation of behavior in
various locations and positions (see below for
definitions of location and position). In this
study, the proportion of water deliveries in
one site relative to the other systematically
varied, while the overall frequency of water
presentation was kept constant.

METHOD

Subjects

Four male Wistar albino rats, 5 months old,
were used. Each of the rats was experimen-
tally naive and was maintained under a daily
schedule of 23 hr of water deprivation. After
each experimental session, the rats had free
access to water for 30 min. They also had free
access to solid food (Purina Chow) in their
home cages; the rats’ weights ranged between
400 and 450 g. Sessions were conducted 6
days per week, from 11:30 a.m. to 1:30 p.m.

Apparatus

Two MED Associates operant conditioning
chambers for rats (ENV-008, 24.3 cm by 29.5
cm by 29.5 cm) were housed in sound-atten-
uating cubicles. Each chamber had two ENV-
201A drop-type liquid dispensers located at
the center of the front and rear panels, re-

spectively, 2 cm above the chamber floor. The
liquid dispenser provided drops (0.3 cc) of
water. Each chamber also included four le-
vers, one 3.5 cm to the left and one 3.5 cm
to the right of each liquid dispenser; these
four levers were inoperative. Each water dis-
penser delivered a drop of water; once deliv-
ered, water remained available in the recep-
tacle below the dispenser. One 28-V white
bulb provided general illumination and was
located in the right corner of the rear panel,
27.5 cm above the grid floor. Each liquid dis-
penser could be illuminated by a 28-V white
bulb.

The houselight was on continuously during
the session except during water deliveries.
Each water delivery was accompanied by the
illumination of the relevant dispenser.

The rats’ behavior was recorded by a Pan-
asonic RJ36 videocamera. The sound-attenu-
ating cubicles that enclosed the experimental
chambers were left open so that the rats’ be-
havior could be tape-recorded from a fixed
camera located 1 m in front of each chamber.
The experimental room was sound-insulated,
the light in the room was off, and no one was
present during the experimental sessions. A
486-MED computing system with MED-PCt
2.0 software was used to schedule and record
events.

Procedure

The 4 rats were exposed to the same ex-
perimental conditions. The experiment con-
sisted of five phases over which two concur-
rent fixed-time (FT) FT schedules of water
delivery varied in duration (Table 1). One FT
schedule controlled the operation of one wa-
ter dispenser, and the other FT schedule con-
trolled the operation of the other dispenser.
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Fig. 1. Definition of behavior locations in the exper-
imental chamber.

Fig. 2. Definition of behavior positions in the exper-
imental chamber.

→

Fig. 3. Percentages of time spent in each location 3 position combination averaged over the 4 subjects for every
phase (Experiment 1). The percentages of water delivery in Dispensers 1 and 2 appear in parentheses.

The first water delivery was timed from the
start of the session; subsequent ones were
timed from the previous activation of the dis-
penser. Each session lasted 30 min, and each
experimental phase consisted of 10 sessions.

As can be seen in Table 1, the duration of
the FT schedule associated with Dispenser 1
increased systematically across phases (from
FT 30 s to extinction), while the length of the
FT schedule associated with Dispenser 2 de-
creased in a complementary fashion, so that
the overall number of water deliveries re-
mained constant at 60 per session.

Sessions were videotaped in their entirety.
The behavior of each rat was analyzed in
terms of the time spent in different locations
and positions. Location was defined in terms
of six categories corresponding to different
areas on the floor of the experimental cham-
ber (Figure 1). Two categories corresponded
to the rat introducing its head completely
into each one of the two water dispensers;
four categories corresponded to triangular
areas, two of them adjacent to the water dis-
pensers (Areas 1 and 2) and two of them ad-
jacent to the lateral walls of the chamber (Ar-
eas 3 and 4). When the rat occupied two
areas, the position of its head determined the
scoring of the rat’s location. Position was mea-
sured as the height of the rat according to
four different categories (Figure 2): (A) the
rat lying down, its abdomen in contact with
the floor; (B) the rat standing on all four legs;
(C) the rat standing on its hindlegs, its body
in a curved position; and (D) the rat standing
still on its hindlegs or reclining with the an-
terior legs on the wall of the chamber.

Complete videotapes were coded by four
trained observers who transcribed changes in
location and position with their time of oc-
currence for each subject in each of the ex-
perimental sessions. The entire behavior of
every session was analyzed. Reliability of ob-
servational measures was evaluated by an ad-
ditional observer, who independently coded
20% of the recordings of a random sample
of 20% of the sessions in each phase. Reli-
ability was estimated by dividing the number
of agreements minus disagreements by the to-
tal number of observations. An agreement
consisted of two observers coding the same
behavior in the same time sample. Average
reliability over all phases between observers
in this study was 92%.

RESULTS AND DISCUSSION

Figure 3 shows the percentages of time
spent in each location 3 position combina-
tion, averaged over the 4 subjects for every
phase. (These averaged data are representa-
tive of individual results and were computed
from individual means for each session.) Po-
sition B (the rat standing on all legs) was the
most frequent during all experimental phas-
es, with some occurrences of Positions A and
C distributed along the various locations. The
distribution of behavior location varied as a
function of the proportion of water deliveries
in each dispenser. During Phase 1, in which
all water deliveries occurred in Dispenser 1,
most behavior was allocated to this water dis-
penser and to the adjacent area (Area 1). In
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Fig. 4. Individual rats’ means and standard deviations of percentage of time in various locations, taking into
account only Position B (Experiment 1).

Phase 2, the percentage of time allocated to
Dispenser 2 increased while the time allocat-
ed to Dispenser 1 decreased; the time allo-
cated to Area 1 decreased, while time spent
in Areas 2 and 3 increased. In Phase 3, the
time spent in both water dispensers de-
creased, with more time spent in Dispenser 1
than in Dispenser 2. This decrease coincided
with additional increases in the time spent in
Areas 1, 2, and 3. In Phase 4, more time was
spent in Dispenser 2 than in Dispenser 1, and
more time was spent in Area 3 than in Areas
1 and 2. In Phase 5, the time spent in Dis-
penser 2 increased almost twofold from Phase
4, and the time spent in Dispenser 1 dropped
almost to zero. The percentage of time spent
in Areas 2 and 3 increased, while the per-
centage of time spent in Area 1 decreased.
Figure 4 shows each rat’s means and standard
deviations of percentages of time in various
locations for only the most frequent position
(i.e., Position B). Means and standard devia-

tions have been computed over the 10 ses-
sions of each phase.

Figure 5 shows the percentage of time
spent in the two water dispensers and their
adjacent areas (Areas 1 and 2) as a function
of the associated proportion of water deliv-
eries. The arrows indicate in which order (as-
cending vs. descending) a dispenser present-
ed the relevant proportions. The time
allocations in Areas 1 and 2 increased to ap-
proximately 20% with the proportion of wa-
ter deliveries in their respective dispensers
(upper panel). Time spent in a water dis-
penser increased to approximately 40% with
the respective proportion of water delivery
(bottom panel). In both cases, the ascending
limbs of the obtained functions remained be-
low the descending limbs, suggesting a car-
ryover or a primacy effect of the first phase
(in which all water deliveries occurred in Dis-
penser 1) over the next ones. The percentage
of time spent in Dispenser 2 when it was as-
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Fig. 5. Percentage of time spent in the two water dispensers and their adjacent areas (Areas 1 and 2) as a function
of the associated proportion of water deliveries (Experiment 1). The data are averages over the 4 rats.
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Fig. 6. Percentages of time spent in different areas of the chamber as a function of the proportion of water
delivery in Dispenser 1 (Experiment 1). The data are averages over the 4 rats.

sociated with all water deliveries was lower
than the percentage of time spent in Dis-
penser 1 under the same condition. This dif-
ference suggests that the rats showed a pref-
erence for Dispenser 1, perhaps because it
was the first to present all of the water deliv-
eries in a session.

Figure 6 shows the percentages of time
spent in different areas of the chamber as a
function of the proportion of water delivery
in Dispenser 1. The figure includes data for
only Position B, which was the dominant re-
sponse form. The percentages of time spent
in Dispenser 1 and its adjacent area (Area 1),
and in Dispenser 2 and its adjacent area
(Area 2), were inversely related. The time
spent in Dispenser 1 and the adjacent area
increased with increasing proportions of wa-
ter deliveries in Dispenser 1, while the time
spent in Dispenser 2 and its adjacent area de-
creased. Consistent with the data in Figure 5,
the effects of the changing proportion of wa-
ter delivery were not symmetrical in both dis-
pensers’ areas: The slope of the resulting

function for Dispenser 1 was higher than that
for Dispenser 2. Similarly, adjacent (Areas 1
and 2) and lateral (Areas 3 and 4) areas were
differentially affected by the changing pro-
portion of water delivery in Dispenser 1.
More interestingly, the time spent in Area 3
increased as the proportion of water deliver-
ies in Dispenser 1 decreased, whereas the
time spent in Area 4 remained close to zero,
indicating that each water dispenser regulat-
ed different transition patterns among the ar-
eas of the experimental chamber.

In summary, the time allocated to the var-
ious areas varied systematically as a function
of the proportion of water deliveries in each
dispenser. The asymmetry of the obtained
functions suggests a persistent influence of
the first experimental phase, when all water
deliveries occurred in Dispenser 1. Finally,
observation of the videotapes suggested that
the specific effects of changing the propor-
tion of water deliveries on the time allocated
to lateral areas (Areas 3 and 4 in Figure 5)
might be due to the rat moving across Area
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Table 2

Fixed-time schedule durations for each dipper, number of sessions per phase, number of water
deliveries per session, and proportion of water deliveries associated with Dispenser 1 for each
phase of Experiment 2.

Phase Dispenser 1 Dispenser 2 Sessions

Number of
water deliveries

per session

Proportion of
water deliveries
in Dispenser 1

1
2
3
4

FT 30 s
FT 15 s
FT 10 s
FT 30 s

FT 60 s
FT 30 s
FT 20 s
FT 60 s

10
10
10
10

90 (60/30)
180 (120/60)
270 (180/90)
90 (60/30)

.67

.67

.67

.67

3 from one dispenser to the other, a pattern
probably related to the presentation (or lack
thereof) of water deliveries in Dispenser 1.

EXPERIMENT 2

The second experiment was designed to
explore the effects on location and position
of varying the absolute frequency of water de-
livery while holding constant the proportion
of deliveries in each dispenser.

METHOD

Subjects and Apparatus

Four male Wistar albino rats, 4.5 months
old, were used. All of the rats were experi-
mentally naive and were maintained under a
daily 23-hr schedule of water deprivation. Af-
ter each experimental session, the rats had
free access to water for 30 min. They also had
free access to solid food (Purina Chow) in
their home cages; the rats’ weights ranged
from 400 to 450 g. Sessions were conducted
6 days per week, from 12:00 p.m. to 1:00 p.m.

The apparatus was the same as in Experi-
ment 1.

Procedure

Table 2 shows the experimental design of
this study. The proportion of water deliveries
in Dispenser 1 was held constant at .67 in all
experimental phases, and the overall number
of water deliveries per 30-min session was set
at 90, 180, 270, and 90 across phases. This was
accomplished by varying the length of the
concurrent FT FT schedules while keeping
the length of the FT schedule associated with
Dispenser 1 at exactly half the value of the
length of the FT schedule associated with Dis-
penser 2 (see Table 2). An FT schedule de-
livering water at the end of either 30, 15, 10,

or 30 s, depending on the phase, was thus
associated with Dispenser 1, and an FT sched-
ule delivered water at the end of either 60,
30, 20, or 60 s across phases for Dispenser 2.
Each phase consisted of 10 sessions. Record-
ing and coding procedures were the same as
in Experiment 1. The average agreement be-
tween observers in this study was 90%.

RESULTS AND DISCUSSION

Figure 7 shows the percentages of time
spent on each location 3 position combina-
tion averaged over the 4 subjects for each
phase (the averaged data are representative
of individual results). As in Experiment 1, Po-
sition B (the rat standing on four legs) was
the most frequent during all experimental
phases, with some occurrences of other po-
sitions, mainly Position C, distributed along
various locations. The location distribution of
behavior seemed to be similar across phases,
a constancy that suggests that the overall
number (or density) of water deliveries did
not affect the distribution of behavior in
space. In Phase 4 (replication of Phase 1) the
percentage of time allocated to adjacent and
lateral areas increased slightly over the per-
centages in the other phases, and the per-
centage of time spent in the water dispensers
correspondingly decreased. In any event, as
Figure 7 shows, most responding was allocat-
ed to the water dispensers. Figure 8 shows
each rat’s means and standard deviations of
percentages of time in the most frequent po-
sition (i.e., Position B). These means and
standard deviations were computed over the
10 sessions of each phase.

Figure 9 shows the percentage of time per
position in both water dispensers and their
adjacent areas as a function of the overall fre-
quency of water deliveries in both dispensers
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Fig. 7. Percentages of time spent in each location 3 position combination averaged over the 4 subjects for
every phase (Experiment 2). The overall number of water deliveries per session in both dispensers appears in
parentheses.

(the data of Phases 1 and 4 are averaged to-
gether). The percentages of time spent in Ar-
eas 1 and 2 were virtually identical, showing
an overlapping flat function (upper panel).
Time spent in both dispensers remained con-
stant across the different frequencies of water
delivery, the time spent in Dispenser 1 being
about twice as high as the time spent in Dis-
penser 2 (bottom panel).

Figure 10 shows the time spent in each wa-
ter dispenser, in its adjacent area, and in Ar-
eas 3 and 4 as a function of the overall fre-
quency of water deliveries. The time spent in
Dispenser 1 plus Area 1 remained constant at

about 50% to 55%, whereas the time spent in
Dispenser 2 plus Area 2 tended to increase
with increases in the overall frequency of wa-
ter delivery. Time spent in Areas 3 and 4
tended to decrease with increases in the over-
all frequency of water delivery.

In summary, the relative time spent in each
water dispenser seemed to be determined by
the proportion of water deliveries in these
dispensers, independent of the overall fre-
quency of water deliveries. Time spent in Ar-
eas 1 and 2, however, seemed to be indepen-
dent of overall and relative frequencies of
water delivery (recall, however, that times
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Fig. 8. Individual rats’ means and standard deviations of percentages of time in various locations, taking into
account only position B (Experiment 2).

spent in Areas 1 and 2 did not include times
spent with the head in the dipper).

GENERAL DISCUSSION

The results of the two experiments suggest
a strong effect of the relative frequency of wa-
ter deliveries on the temporal distribution of
the spatial properties of behavior, whether
the relative frequency of water deliveries
changed across phases (Experiment 1) or re-
mained constant (Experiment 2). In both ex-
periments, the relative time spent in Dispens-
ers 1 and 2 tended to match the proportion
of water deliveries in these dispensers (cf.
Baum & Rachlin, 1969).

The time spent in Areas 1 and 2, adjacent
to the water dispensers, however, did not in-
crease with water-delivery proportions at the
same rate as the time spent in the water dis-
pensers themselves. The large proportion of
time spent in both dispensers, relative to the
time spent in the adjacent areas, occurred in

spite of the fact that water delivery was cor-
related with the interruption of the house-
light and the illumination of the dispenser.
Thus, the large proportion of time spent in
the dispensers cannot be attributed to the ab-
sence of discriminable cues that signaled the
time of water delivery. In Experiment 1, the
time allocated to Areas 1 and 2 was about
20%, compared to approximately 40% for the
average time allocated to water dispensers. In
Experiment 2, the time allocated to Area 1
remained roughly constant, as was the case
with the time allocated to Area 2.

More unexpectedly, in Experiment 1, the
time allocated to Areas 3 and 4 (lateral areas)
increased systematically with increases in the
proportion of water deliveries in Dispenser 2.
It seems that the rats developed a pattern that
initially consisted of staying in Dispenser 1
and its adjacent area (Area 1). This first con-
tact with water presentation and the concur-
rent availability of another water dispenser or
water presentations in subsequent phases may
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Fig. 9. Percentage of time per position in both water dispensers and their adjacent areas as a function of the
overall frequency of water deliveries in both dispensers in Experiment 2. The data are averages over the 4 rats.

have determined the dominance of a partic-
ular position or topography (B) during all ex-
perimental conditions. With increases in the
frequency of water deliveries in Dispenser 2
(and the complementary decrease in Dis-
penser 1), the rats tended to switch between
dispensers more frequently (data not pre-
sented), but with a higher sampling propor-
tion of Dispenser 1, which was the first to pro-
vide water in this experiment. The resulting
switching behavior subtracted some time of
occupation from the area adjacent to Dis-
penser 2 (Area 2).

In Experiment 2, the rats obtained water
from both dispensers even during the first
session. With increasing frequencies, rats
tended to spend more time in each water dis-
penser and its adjacent area and less time in
the lateral zones, although, in some cases, as
in Experiment 1, occupation of Area 3 tend-
ed to be similar to or higher than that of Area
2 (adjacent to the water dispenser with the
lower relative frequency of water).

The results of these experiments do not co-
incide with the findings by Pear and Rector
(1979) with pigeons that propensity, defined
as the time allocated to the areas adjacent to
food dispensers, seems to be sensitive to the
frequency of food delivery, in contrast to be-
havior directly bound to producing (or find-
ing) and consuming food. In Pear and Rec-
tor’s study, propensity included the behavior
allocated to the area adjacent to food dis-
pensers as well as the time spent key pecking.
When water consumption, the terminal re-
sponse in our study, is analyzed separately
from the behavior allocated to the areas ad-
jacent to the water dispensers, adjacent be-
havior does not seem to be sensitive to chang-
es in the frequency of water deliveries. In our
studies, licking was not directly measured, but
it is unlikely that the rat was licking a single
drop of water for 30, 60, or 90 s. It is plausible
that staying in the dispenser area did not in-
volve licking most of the time. If staying with
the head inside the dispenser were consid-
ered similar to key pecking, then our results
would be similar to those of Pear and Rector,
but it is difficult to equate a response with

explicit operant properties (such as key peck-
ing) with a component of a consummatory
response controlled by water delivered inde-
pendently of responding. Similarly, the data
of Experiment 2 do not coincide with the
findings by Pear (1985) that the variability
and extension of position patterns increase
with decreasing frequency of reinforcement,
although the interval values sampled in our
study were closer to one another than those
used by Pear.

Other studies suggest that consummatory
or instrumental (operant) responding and
other behavior that takes place during the in-
terreinforcement interval may show different
temporal and spatial patterns as a function of
the schedule used. Because these studies used
chamber sizes larger than that in our studies
and nonconcurrent schedules, their findings
do not necessarily replicate the results of our
experiments. F. J. Silva and Pear (1995), us-
ing FT and fixed-interval food schedules,
found that behavior was less stereotyped dur-
ing response-independent than during re-
sponse-dependent food delivery, and that ste-
reotypy increased after food delivery, whereas
it decreased as food-delivery time ap-
proached. K. M. Silva and Timberlake (1998)
measured various categories of behavior such
as feeder nosing, rearing, paw grooming,
feeder-directed behavior, and locomotion re-
mote from the feeder during an FT schedule.
They found that responses near the feeder
peaked in frequency before and after food
presentation, whereas locomotion remote
from the feeder peaked at the middle of the
interfood interval. Nevertheless, feeder nos-
ing and remote locomotion peaked at times
proportional to the interfood interval length,
whereas the other types of behavior (rearing,
feeder-directed responding, and paw groom-
ing) peaked at a fixed time after food, re-
gardless of the interfood-interval length.

When general activity is measured in ad-
dition to an operant response, various results
also suggest that different variables affect the
two behavior classes. Allan and Matthews
(1991, 1992), using an FT schedule with a set-
back (i.e., delay-producing) contingency on
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Fig. 10. Percentage of time spent in each water dispenser and the four areas of the chamber as a function of the
overall frequency of water deliveries in both dispensers in Experiment 2. The data are averages over the 4 rats.

locomotion, found that decreases in interim
induced general activity were not systemati-
cally related to increases in rate of auto-
shaped key pecking.

These contrasting results may be due to dif-
ferences between our experiments and pre-
vious ones that used spatial measures of be-
havior. For instance, the species used as
experimental subjects may be crucial, be-
cause the standard operant responses of rats
and pigeons differ in many mechanical and
biological features (Schwartz, 1977); the role
played by locomotion and movement pat-
terns may also differ among species. Staddon
and Simmelhag (1971) and Staddon and Ay-
res (1975), for example, found different pat-
terns and types of behavior when they studied
rats and pigeons under an FT schedule of
food presentation. Some caution should be
exercised when comparing results from stud-
ies with rats and pigeons under supposedly
equivalent conditions.

Explicit differences in scheduling should
also be taken into account. First, our experi-

ments scheduled concurrent water deliveries,
whereas Pear and Rector (1979) and Pear
(1985) used simple schedules. Second, in the
present studies, water was presented indepen-
dent of any explicit response requirement, in
contrast to other experiments (Baum & Rach-
lin, 1969; Pear, 1985; Pear & Rector, 1979) in
which reinforcement was contingent on the
location of the organism or a specific operant
response. Although no response was required
for water presentation in our studies, some
features of the consummatory response may
involve implicit contingencies (Ribes, 1997).
In some cases of water consumption under
FT schedules (compared to pellet consump-
tion), the rat has to be near the dispenser
before consuming the drop. The temporal
availability of water in the dispenser may be
another variable that modulates the spatial
distribution of behavior, reminiscent of the
time-restricted availability of the grain typi-
cally used as a reinforcer with pigeons and
the unrestricted availability of the pellets usu-
ally provided to rats. The height and location
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of the food magazine or water dispenser may
also determine spatial properties of behavior
that in turn affect the rate and patterning of
the operant response (Wasserman & Molina,
1969). The use of a larger-than-standard ex-
perimental space may also affect the pattern-
ing of behavior (Ribes & Chávez, 1988; Sku-
ban & Richardson, 1975). Other parameters
to consider are the nature of the correlations
and temporal distributions of stimuli, includ-
ing reinforcers.

In any event, extensive research is needed
to explore the different variables that are in-
volved in the spatial patterning of behavior
and its relation with the structural properties
of schedule-controlled performance. Moving
toward a parametric and molar analysis that
includes spatial measures and contingencies
may be a better way to understand many char-
acteristics of the punctate, molecular, discon-
tinuous data upon which most of present
knowledge is based.
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